SUMMARY The ability to name object-drawings, measured by score and response latency, was examined in men with chronic, focal brain lesions due to missile injury. The group with left hemisphere lesions was significantly impaired on both measures and this impairment was clearly related to the incidence of clinically detectable dysphasia. In contrast, the impairment of the bilateral group was not closely associated with dysphasia; it was characterized by long response latencies which exceeded the sum of unilateral deficits in the task. Analysis of response errors showed that both misnaming and misidentification occurred but were often dissociated. Difficulty in naming was noted in men with lesions involving the left temporal lobe. Misidentification was not common; it occurred more frequently in the bilateral group, in men with lesions of the occipital areas of the brain. Dissociated deficits were also noted within the group of men with residual dysphasia.
The peculiar difficulty which aphasic patients experience when asked to name objects has been known and used in clinical testing, almost from the time when disorders of speech resulting from cerebral lesions were first recognized as clinical entities. Broadbent (1884) reported it as a salient feature of the language breakdown in a patient with cerebrovascular disease predominantly affecting the territory of the middle cerebral artery; and several authors, including Kinnier Wilson (1926) , Symonds (1953) , and Brain (1961) have noted its special association with temporal-lobe disorder. Among groups of neurological patients with dysphasia, the symptom may be related to the size of the lesion and the extent of temporal-lobe involvement (H6caen and Angelergues, 1965) .
In residual asphasia after trauma naming difficulties are often less severe. Nevertheless, Marie and Foix (1917) , in their study of veterans of the first world war, commented that this symptom had persisted as the most characteristic feature some months after injury. Thirty years later, Schiller (1947) also noted the prevalence of residual naming difficulties in a group of dysphasic ex-servicemen. He did not, however, find any connection between the symptom and the presumed site of the lesion, concluding that 'this essential feature is the least valuable for localization '. Symptoms of language impairment may nevertheless be relatively dissociated in traumatic aphasia. According to Alajouanine, Castaigne, Lhermitte, Escourolle, and Ribaucourt (1957) , their case Blan (no. 29) showed a surprisingly persistent failure to name objects, although repetition, reading, and comprehension were intact, whereas their case Gom (no. 28) showed no such difficulties despite a cluster of symptoms including total alexia and agraphia.
The clinical literature of aphasia, although full of references to difficulties in naming, contains remarkably little quantitative work; and very few studies of response latency in object-naming have hitherto been reported.Apioneerin this field was Lotmar (1919) who published figures for a single patient. He noted in an aphasic patient a 'partially raised lengthening of the reaction time' but complete failure 'only as an exception' in naming object-pictures. Inspection of the latencies of Lotmar's dysphasic patient shows a relationship between latency and word frequency. This relationship was also implied, although never made explicit, by the work of Weisenburg and McBride (1935) who pointed out that mild disturbances in naming could be detected only by a slight hesitancy in the patient's responses, and to elicit these residual symptoms they had recourse to less familiar objects. This association between response availability and frequency of word usage 329 was subsequently confirmed in clinical and experimental investigations (Wepman et al, 1956; Howes, 1964; Rochford and Williams, 1965) .
In a preliminary report (Newcombe, Oldfield, and Wingfield, 1965) we also demonstrated an association between response latency and word frequency in the performance both of groups of men with unilateral cerebral lesions due to missile injury and of control subjects; a linear relationship was found between mean latencies for the naming of 26 object-drawings and the logarithm of the word frequency of the object-name. Men with residual dysphasic symptoms showed marked difficulty in naming objects with a frequency of occurrence of less than one in a hundred thousand according to the Thorndike and Lorge (1944) word list and both experimental groups had longer latencies than the control group. The present study includes those experimental groups and additional subjects including men with bilateral lesions. While reporting a further analysis of latency effects, our main concern here is with success or failure in naming and with the nature of errors. We also consider the clinical and anatomical features of those individual subjects who were significantly impaired in the task.
METHOD
SUBJECTs The experimental subjects were drawn from a sample of men who incurred missile injury to the brain during the second world war and who participated in a follow-up examination between 20 and 25 years later. The background of this investigation has been described elsewhere (Newcombe, 1969) . These injuries occurring in the normal young-adult brain often produce focal and very circumscribed deficits (Russell and Espir, 1961; Russell and Young, 1969) . There were 125 experimental subjects, most of whom were fit and gainfully employed when the present investigation took place: 57 men had left hemisphere lesions and will be described as the LH group, 34 had right hemisphere lesions-the RH group, and 34 had bilateral lesions. All the subjects were righthanded.
There were two control groups. Control group I consisted of 25 men who were attending the same hospital as the experimental subjects, to undergo minor surgery. There was no history of brain damage among these subjects and they did not differ as a group in age or vocabulary level from the experimental groups (see Table 1 ). Control group II consisted of 25 men, also in the same age group, admitted for minor surgery to a hospital in another part of Great Britain.
MATERIAL The material consisted of 36 simple outline drawings of objects-each on a card 15 x 10 cm-the first 10 of which were for practice. This material had been used in previous studies (Oldfield and Wingfield, 1965a) , and included objects whose names occurred throughout Fig. 1 . A full list of them, together with the latencies and percentages of correct responses found for university subjects and for a hospital control group, is given in Oldfield and Wingfield (1965b) . Three different random orders for both the practice and the test series were drawn up, and these orders of presentation were used altemately. Fig. 2 . The median score of the control group was 24 and accordingly was used as a cut-off point to classify group distributions. On this basis the LH group was found to be significantly impaired in relation to control groups I and II (X2 = 3-90 p < 0 05) and the RH group (X2 = 11-10 p < 0-001). The bilateral group was significantly less efficient than the RH group (X2 = 8 54 p < 0 01) but no worse than the LH group (X2 = 0-06).
The clear-cut relationship between score and dysphasia (diagnosed in clinical interview) in the unilateral LH group is illustrated in Fig. 3 (FN) .
Mean response latencies plotted against word frequency are shown in Fig. 4 . At all five frequency levels the experimental groups (LH, RH, and bilateral) were significantly slower than control group I at probability levels below 0 01 on two-tailed Mann-Whitney tests-with only one exception. The difference in latency between the LH group and control group I at the frequency range 1-9 per million failed to reach statistical significance; but 'In our previous study of latency (Newcombe et al, 1965) we included at each frequency category, any subject who gave at least one response, and thus numbers in groups varied according to the frequency range.
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Case no. 896 This man was wounded in 1941 at the age of 27, by a piece of shrapnel. The wound was debrided the same day but no foreign bodies were located. Radiographic examination a month later revealed a bony defect 1 x 1-5 cm in the left fronto-parietal region. Three 'fair-sized' and 'about a half d!ozen sma11 bony fragments' together with a small metal fragment were indriven from this bony defect, the deepest lying about 2 cm downwards and inwards. A larger piece of metal had passed directly downwards and was lying cm above and to the left of the left anterior clinoid process. He developed epilepsy, preceded by an aara in which 'I think of lots of numbers and letters and I find I cannot speak'. He now has blackouts several times a month, during which he is aware of his surroundings but cannot talk for half an hour. A mpnth after injury he was reported to show 'a certain amount of nominal dysphasia-for example, calls an orange a banana'. A month later, however, speech was fluent, he could read and write without difficulty, and he understood words, commands, and stories both in spoken and in written language. Some 20 years --,ter the subject himself reported that he seldom reads because he is unable to recall content. Before the war he worked in an agricultural business; he now runs a small hotel.
FIG. 5b. Group B (high incidence of misidentification).
Cc2se no. 72 He was wounded in 1944 at the age of 24 when a spent bullet lodged itself in the right occipital region causing a complete left homonymous hemianopia which has persisted. At operation two days ter wounding the bullet and bone chips were removed from the area of the bony defect which was 6 x 4 cm. Five days after the operation he was sitting up and talking sensibly, but could not read print; this difficulty soon cleared. At no time were any dysphasic features noted. He developed epilepsy during the acult phase but there has been no report of fits in the succeeding two decades. He works as a car park attendant.
Case no. 152 He was wounded in 1944 at the age of 23, by a missile which penetrated the brain in the occipital region to the right of the midline, 3-7 cm from the inion. This at first caused total blindness but visual acuity later returned to normal (6/5). There were, however, dense paracentral scotomata which are still much the same as they were when recorded in 1945. At operation, two days after injury, depressed "one fragments were removed leaving a residual bone defect 3 cm in diameter. There was a small dural tear about 1 cm from the sinus from which about I ml. of pulped brain was removed. The RA was estimated at a few seconds and the PTA about 30 minutes. On examination one day after injury speech was considered 'to to normal and no permanent sensory-motor loss resulted from the injury. He has worked full-time since 1946 and is now a production control assistant. three or more errors of misidentification (see Table one was dysphasic during the acute phase) and it 3) and thus differed significantly in this respect. The will be seen their lesions involved the occipital and clinical and anatomical features of these five sub-posterior parietal region of the brain. jects (group B), together with tracings of the lateral and anterior-posterior radiographs,1 are described 'These were not available for one subject (case no. 103) of whom the in Fig. 5b Tests also confirmed that they were as efficient at the naming task-in terms of both the ability to name and speed of response-as subjects in the LH group who had never shown dysphasic features or normal control subjects. Either the criteria for diagnosis have changed or there has been a substantial improvement in this small group; and the testimony of the men themselves supports the latter interpretation.
In contrast, the distinction between dysphasic and non-dysphasic performance in the bilateral group was less obvious; and indeed-in terms of score alone-it was not possible to distinguish between these groups. This suggests that more than one limiting factor underlies the impairment shown by the bilateral group.
Failure in naming tasks can be found in other clinical conditions besides aphasia; it may result from disconnection syndromes or more generalized intellectual deterioration (Geschwind, 1967) . In our groups, naming errors were clearly related to the language retrieval process, as evidenced by the paraphasic and mime responses made by subjects, and their recognition of the name when spoken. Naming errors predominated in the unilateral dysphasic group, and subjects with marked nominal difficulty in this task had lesions in the left temporoparietal area. This association, reported by Marie and Foix (1917) and Russell and Espir (1961) in gunshot-wound cases, has also been noted in patients with focal brain disease (Mills and McConnell, 1895; Henschen, 1925; Symonds, 1953; Brain, 1961; and Hecaen and Angelergues, 1965) . Nominal Freda Newcombe, R. C. Oldfield, G. G. Ratcliff, and A. Wingfield difficulties have indeed been described as common in otitic abscesses extending through the tegmen tympani and invading the lower part of the temporal lobe (Kinnier Wilson, 1926 Turning now to those nine men in the LH group who showed significant, although residual, nominal deficits in the naming task, it will be seen that their lesions were in that temporo-parietal region within which small wounds have been found to cause severe disorganization in all aspects of speech function during the acute phase (Russell, 1961) . The residual effects of this global disorganization were still evident in four of the nine men and their pattern of deficit was very similar to that described by Marie and Foix (1917) as the temporal-lobe syndrome. There was no evidence that size of lesion per se contributed to this defect but all except one of the subjects impaired on our criterion had deep lesions; and this factor of subcortical damage is probably important in determining the severity and persistence of language disorders (Head, 1926) .
In contrast, there were individual dysphasic subjects, often with posterior frontal or central lesions and characteristic motor aphasia, who were not significantly impaired in this formal naming task, although word-finding difficulties were obvious in spontaneous conversation. It may be that for these subjects the presentation of the objectdrawing facilitates the retrieval of its name in a way reminiscent of Head's (1926) patient (case no. 2) who had gross naming and reading difficulties but could sometimes read an object name when the corresponding object was included in the test material in front of him. There were also dysphasic subjects with high scores in the task-that is, scores above the median control score. One of these men with a posterior parieto-temporal lesion failed to recite the alphabet, obtained significantly low scores in conventional word fluency tasks and complained of word-finding difficulties when flustered. His family reported that his speech was at times unintelligible. The remaining three men had parietal or fronto-parietal lesions; they complained of word-finding difficulties and one of them noted difficulty in understanding verbal messages. Such evidence points to dissociations in language performance within the dysphasic group and -thus supports the differential concept of aphasia that has been cogently argued by Bastian (1898 ), Kinnier Wilson (1926 , Luria (1964 Luria ( , 1970 , and Weigl and Bierwisch (1970) This tendency to misidentification may be a mild form of the visual object agnosia described by Lissauer (1890) who argued that this disorder can be satisfactorily demonstrated only in the absence of speech disorder or general mental deterioration. Our cases certainly meet these criteria but nevertheless present a very slight version of the disorder which is not clinically evident and can be detected only in certain experimental conditions. In this, it resembles the visual perceptual impairments so elegantly analysed by Poppelreuter (1917) . Three of his patients with occipital gunshot-wounds had difficulty with simple line drawings but could recognize coloured and shaded pictures; and, as he pointed out, the misrecognition errors of such patients were often visually similar to the stimulusfor example, KETTLEDRUM -* pot, LION and FOX --dog. Certainly no cases of frank visual agnosia were found in our experimental population, nor has the syndrome been reported as a lasting consequence of missile injury to the brain (Poppelreuter, 1917; Head, 1926; Teuber, Battersby, and Bender, 1960) . But Poppelreuter and subsequently Kinsbourne (1966) have shown a significant impairment of tachistoscopic thresholds for object recognition in veterans with occipital-lobe lesions; and the latter suggested that minor, subclinical forms of visual object-agnosia (recognition defect), which can be dissociated from impaired detection thresholds, are not infrequent.
Misrecognition of object-drawings in our experimental sample was associated with bilateral occipitallobe damage. Two of Poppelreuter's three cases (Henkel and Bittner) appear to have sustained bilateral occipital damage and the third (Schlottmann) had a left occipital entry wound, but there is no indication of the direction and extent of the missile track from the artist's drawing. The bilateral nature of lesions associated with agnosia has often been emphasized (Freud, 1891) , and Nielsen (1946) , reviewing the clinical literature. attributed visual object agnosia to a cortical lesion of the major second and third occipital convolutions or destruction of the connections from both calcarine areas to them.
The emphasis on bilateral lesions is a feature emerging not only from the study of misidentification errors but also from the results as a whole. The bilateral deficit can hardly be ascribed to the diffuse effects of especially severe lesions: there were other tasks in which the performance of the bilateral group was comparable with or even slightly better than that of the unilateral groups; and there were several men with large anterior bilateral lesions who showed no deficit in language and spatial tasks. And while the impairment of word retrieval shown by the bilateral group can be explained by a combination of identification and naming errors, the significantly increased response latency can not be so interpreted, since it refers only to those men who successfully responded to 20 of the test items. Perhaps further work will indicate whether this apparent slowing-up of response is a characteristic feature of men with bilateral or bilateral posterior lesions and whether it is specifically related to their performance in certain types of visual (and spatial) task.
In the meantime, the pattern of results lends support to the search for dissociations within groups of subjects with left hemisphere lesions. Not all dysphasic subjects-including those with motor dysphasia and those whose salient difficulties were in reading and writing-showed difficulty in this confrontation naming task. Dissociated deficits are sometimes concealed by group comparisons that are designed to study hemispheric asymmetry, and they are not easy to detect in groups of dysphasic patients as pure cases are always in the minority (Kinnier Wilson, 1926) . The analysis of striking individual contrasts in performance (Symonds, 1953) , however, may shed light on the processing of language by the brain.
